Cardiovascular disease is the primary cause of death in Brazil. Recent studies have shown that low birth weight and preterm birth are linked to a higher prevalence of cardiovascular disease. The aim of the present study was to compare the levels of lipids and apolipoproteins and atherogenic indexes between term and near-term newborn infants. A sample of umbilical cord blood was obtained from 135 newborns (66 males) divided into two groups: 25 near-term neonates (35-36.6 weeks of gestational age) and 110 term neonates (37-42 weeks of gestational age). The total cholesterol concentrations were higher in the near-term neonates than in the term group (94.04 ± 8.02 vs 70.42 ± 1.63 mg/dl, P < 0.01), due to an increase in the LDL-cholesterol fraction in the near-term group (57.76 ± 6.39 vs 34.38 ± 1.29 mg/dl, P < 0.001). The atherogenic indexes (total cholesterol/HDL-cholesterol, LDL-cholesterol/HDL-cholesterol and apolipoprotein B/apolipoprotein A-I) were higher in the near-term group (P < 0.001, P < 0.001, and P < 0.05, respectively). The gestational age of the newborns was inversely correlated with total cholesterol and LDL-cholesterol, and also with the total cholesterol/HDL-cholesterol and LDL-cholesterol/ HDL-cholesterol indexes. These findings demonstrate that the lipid profile is worse in the group of near-term neonates compared with the term group. Future studies are needed to determine if this atherogenic profile in near-term neonates can affect body metabolism, increasing the risk for cardiovascular diseases in adult life.
Introduction
Cardiovascular disease is the primary cause of death in developed countries, as well as in Brazil and other Latin American countries (1) . The incidence of coronary artery disease depends, in general, on the prevalence of genetic and environmental risk factors. Recent animal experiments and human studies have shown the influence of the intrauterine environment on the development of risk factors for cardiovascular disease (2) . Thus, the arterial hypertension of adults and the changes it causes in plasma levels of fibrinogen, total cholesterol and LDL-cholesterol start during fetal life and are associated with fetal growth restriction and low birth weight (3) . The primary prevention of hypertension may depend on strategies that promote fetal growth (4) .
It is known that premature newborns have lost the chance to complete their energy deposits. Thus, many times the preterm neonate needs to use these endogenous reserves, basically activating lipid metabolism that generates energy and promotes gluconeogenesis (5) . The long-term consequences of these metabolic adaptations have not been elucidated. Barker et al. (6) demonstrated that low birth weight correlated with an increased prevalence of cardiovascular disease, hypertension and type 2 diabetes mellitus. These investigators suggested that this association reflects the phenomenon known as programming, whereby a stimulation or insult during a critical period of intrauterine life could also result in alterations of physiology and metabolism during adult life (7). Apolipoprotein A-I, apolipoprotein B and the apolipoprotein B/apolipoprotein A-I ratio are considered to be markers of cardiovascular disease risk. Recent studies demonstrated that the detection of these markers in umbilical cord blood from term newborns could identify neonates at a higher risk for coronary heart disease (8, 9) .
The aim of the present study was to compare the levels of lipids and apolipoproteins in umbilical blood cord, as well as the atherogenic indexes of term and near-term neonates.
Patients and Methods
We collected umbilical cord blood immediately after birth from 135 newborns (66 males) divided into two groups: 25 nearterm neonates (35-36.6 weeks of gestational age) and 110 term neonates (37-42 weeks of gestational age). The sample size was calculated on the basis of Campoy Folgoso et al. (5) . Ninety-six samples were considered to be the minimal number required for the present study. Values of α and ß were established at 0.05 and 0.10, respectively. The newborns were selected according to the following criteria: birth weight appropriate for gestational age, gestational age between 35-42 weeks, one-minute Apgar score >7, absence of congenital anomalies, singleton pregnancies, and absence of maternal diseases such as hypertension, diabetes mellitus, thyroid diseases, or hypercholesterolemia. None of the mothers was taking any medication, except for vitamin and iron supplements during pregnancy. A previously tested maternal questionnaire was applied by one researcher in order to obtain maternal clinical data and information about family heart diseases. The weight and height of all pregnant women were measured and the body mass index (kg/m²) was calculated. Maternal weight gain during pregnancy was recorded. The weight, length and head circumference of all neonates were measured immediately after delivery. The newborns' weight was determined using a portable scale and length was measured using an appropriate stadiometer. Gestational age was calculated from the date of the last menstruation and confirmed by ultrasound measurement.
Umbilical venous blood was obtained at the time of delivery immediately after cord clamping and centrifuged. Serum was separated and used for the determination of total cholesterol, LDL-cholesterol and HDL-cholesterol by standard enzymatic methods (10) . Apolipoprotein A-I and apolipoprotein B were measured by nephelometry (11) . The following atherogenic indexes were calculated: total cholesterol/HDL-cholesterol, LDL-cholesterol/HDL-cholesterol and apolipoprotein B/apolipoprotein A-I.
The study was carried out in accordance with the current revision of the Helsinki Declaration and with Brazilian resolution 196/96. The study protocol was approved by the local Ethics Committee and written informed consent was obtained from all mothers.
Data are reported as means ± SEM. Differences between groups were evaluated by the Mann-Whitney test. Spearman rank coefficients were used to determine relationships between continuous variables. A P value of less than 0.05 was considered to be significant. The SPSS Program version 7.5 was used for all statistical calculations.
Results
The clinical characteristics of the mothers of the newborns are described in Table 1 . Maternal age, prepregnancy weight and weight gain during pregnancy were higher in the group who delivered at term than in the group that delivered at near-term (P = 0.004, P = 0.045, and P < 0.045, respectively). A positive family history (dyslipidemia and or heart disease) was found in 28 (25.45%) of the term group and in 6 (24%) of the nearterm group, with no significant difference between groups.
The characteristics of the near-term and term neonates are presented in Table 2 . The near-term group had significantly lower birth weight, birth length and head circumference than the term group. No gender differences were found in cord blood total cholesterol, HDL-cholesterol, LDL-cholesterol, apolipoprotein A-I, apolipoprotein B, or atherogenic indexes (total cholesterol/HDL-cholesterol, LDL-cholesterol/HDL-cholesterol and apolipoprotein B/apolipoprotein A-I indexes). Therefore, the data were not stratified for gender.
The near-term neonate group presented a clearly different lipid profile compared to the term group, as described in Table 3 . The total cholesterol concentrations were higher in the near-term group than in the term group (94.04 ± 8.02 vs 70.42 ± 1.63 mg/dl, P < 0.001). The near-term group basically presented an increased LDL fraction compared to the term group (57.76 ± 6.39 vs 34.38 ± 1.29 mg/dl, P < 0.001). The total cholesterol/ HDL-cholesterol, LDL-cholesterol/HDLcholesterol and apolipoprotein B/apolipoprotein A-I indexes were higher in the near- term group (P < 0.001, P < 0.001, P < 0.05, respectively) compared to the term group. Although the concentrations of apolipoprotein A-I and apolipoprotein B were not significantly different, we observed a trend towards a worse lipid profile in the near-term group, with lower apolipoprotein A-I levels The gestational age of all 135 newborns correlated inversely with total cholesterol (r = -0.256, P < 0.01), LDL-cholesterol (r = -0.369, P < 0.01), total cholesterol/HDLcholesterol index (r = -0.254, P < 0.01) and also with LDL-cholesterol /HDL-cholesterol index (r = -0.351, P < 0.01) ( Table 4 ).
Discussion
The cholesterol levels detected in umbilical cord blood were lower than those found in plasma of adults. Since total cholesterol increases after birth, it might be presumed that the total cholesterol levels of preterm neonates are similar to or lower than those observed in term infants. However, our results demonstrated that the cholesterol levels of the premature group were substantially higher than those of the term group, in agreement with a previous report (12) . Moreover, our study indicates that this difference exists even though the premature neonates were near term, with a gestational age of 35-36.6 weeks.
It has been reported that the plasma depletion of cholesterol that occurs at term is due to a decrease in HDL-cholesterol and LDL-cholesterol levels. Probably the cause of the fall in plasma LDL-cholesterol concentration is explained by the increase of its uptake by the fetal adrenal gland for steroid hormone production, as postulated by Parker Jr. et al. (13) . Since HDL-cholesterol is not metabolized efficiently by the adrenals, the fall in HDL-cholesterol levels may be associated with an increase in the activity of the lectin acetyl cholesterol transferase enzyme. Spear et al. (14) demonstrated that lectin acetyl cholesterol transferase activity was lower in near-term neonates compared with the term infants. However, we found that the decrease of total cholesterol was due to LDLcholesterol, whereas HDL-cholesterol remained constant. This finding is in agreement with the results of Parker Jr. et al. (15) , but in conflict with the results of Spear et al. (14) . This discrepancy might be explained by the group selected for study (very near term) or by differences in the design of the studies. Although the concentrations of apolipoprotein A-I and apolipoprotein B were not significantly different, our findings show a trend towards a worse lipid profile in the near-term group, with higher apolipoprotein B levels, related to low-density lipoproteins, and lower apolipoprotein A-I levels, related to the inverse cholesterol transport, that protect against atherosclerotic lesions. Moreover the apolipoprotein B/apolipoprotein A-I index, considered to be one of the best markers of risk for cardiovascular disease even during the first year of life (16), was significantly higher in the near-term neonate group compared with the term group, demonstrating that this index is altered even in umbilical blood cord. Future studies could elucidate the reasons and the consequences of these differences between near-term and term neonates.
The gestational age of the newborns correlated inversely with total cholesterol, LDLcholesterol, and total cholesterol/HDL-cholesterol and LDL-cholesterol/HDL-cholesterol index, confirming the difference in lipid distribution between preterm and term infants. Preterm birth (17) and low birth weight (18) have been described as factors for cardiovascular risk in adult life. The long-term consequences of the hypercholesterolemic ambient seen in premature newborns regarding fatty streak formation are still debated. Although the atherogenic process has been recognized as a pediatric problem since 1965, the reversibility of the injuries in this early phase of life is highly questionable. Napoli et al. (19) described aortic fatty streak formation in human fetuses, probably enhanced by maternal and presumably fetal hypercholesterolemia. A new study published by the same authors (20) demonstrated the existence of lipid accumulation in the extracranial arteries of aborted fetuses and preterm newborns, demonstrating the atherogenic response to a hypercholesterolemic environment. A twin study suggested that genetic factors account for the association of low birth weight with high levels of total cholesterol, LDL-cholesterol and apolipoprotein B (21) . A recent study correlated low gestational age with abnormal retinal vascularization and increased blood pressure in adult women (22) . The results of the present study indicate the necessity for further research to determine if an adverse lipid profile can affect body metabolism, increasing the risk for future complications. This fact acquires a very important impact when we observe the high incidence of cesarean sections in Brazil, up to 81.8% in private hospitals (23) , which are associated with low birth weight and preterm birth (24) , reflecting often abusive indications for such procedure. A study carried out in Southeast Brazil described cesarean section as the main contributor to the increase in preterm birth rate (25) , suggesting the need for reorientation in neonatal health care. Since we found changes in lipid profile in nearterm newborns, we speculate that the abusive indications of cesarean section for nearterm newborns with a birth weight of 2000-2500 g could be a harmful decision with metabolic consequences in later life. Research aimed at elucidating this proposition offers an important challenge to transform this situation.
Our findings demonstrate that total cholesterol, LDL-cholesterol fraction and atherogenic indexes are significantly higher in nearterm neonates compared with term infants, showing a trend to a worse lipid profile in Brazilian near-term infants. Future studies are needed to determine if this atherogenic profile in near-term neonates can affect body metabolism, increasing the risk for cardiovascular diseases in adult life.
